finding an electromagnetic signature that can, in some way, reveal details of the physical processes of proton acceleration. The association between microwave bursts and interplanetary proton events has been studied for the past two decades. Kundu and Haddock (1960) 4 first reported a correlation between centimeter-wave bursts and polar-cap absorption (PCA) events due to 10-50 MeV protons. From their data they concluded that
PCAs are generally also associated with metric type IV bursts, but the occurrence of a type IV burst without an accompanying intense (peak flux greater than 500 s.f.u.
over the entire 3-30 cm range) centimeter burst is an insufficient indication of a subsequent PCA. Two fundamental concepts were first articulated by Kundu and 4 Haddock. First, the most reliable radio signature of proton events is to be found in the centimeter, rather than the meter waveband, and second, energetic protons are accelerated by the same process that produces the energetic electrons responsible for the centimeter bursts.
The availability of solar centimeter patrol observations with which one could measure various parameters of solar bursts, such as peak-flux densities, rise times, and time-integrated flux densities, for each of a number of fixed frequencies and the military need to predict significant interplanetary proton events stimulated research into the details of the relationship between centimeter bursts and proton events. These investigations have necessarily been statistical in nature, involving generally 10 or more pairs of proton events and associated centimeter bursts.
Three basic approaches have been taken. The first follows that of Kundu and
Haddock 4 and seeks a predictor of proton events above a given size threshold. As the best known example of this approach, Castelli et al (19(,7) Y proposed that the U-shaped spectrum with high flux densities (> 1000 s. f. u. ) at the meter and centimeter wavelengths is characteristic of large proton events. Later, Croom (197 la) C claimed that criteria using specific thresholds for peak burst intensity and burst duration at 19 GHz were as effective as the U-burst criteria for event prediction.
The second approach to microwave-proton correlations is more ambitious, with attempts to correlate the peak or time-integrated proton fluxes with various microwave flux parameters. The first attempt of this kind was by Webber (1964) In the third approach to proton predictions the microwave data are used to predict the proton energy spectrum at the peak of the proton event. 1 6 that the flatter the electron spectrum, the higher the peak frequency in the centimeter range.
While these arguments may seem reasonable, particularly in view of the ob- who found a correlation between the peak-flux densities of 15.4 GHz bursts and the peak fluxes of associated 2-12 A soft X-ray bursts. In some cases one parameter may be characterized only as "present" or "not detected". In these cases the first parameter is found to be more probably associated with a "present" second parameter as the magnitude of the first is increased. Thus, Svestka (1970) 2 0 found that the larger a 2-12 A soft X-ray burst peak intensity, the greater the probability of its association with a particle event detected in space. As another example, Kane Another goal of the study is to find from those examined the optimum microwave correlation parameter(s) and see whether it correlates significantly better with peak proton fluxes than would be expected from the BFS. A well-correlated parameter may then provide a useful measure of the proton acceleration process, but, on the other hand, a lack of such parameters can indicate that the proton and electron acceleration processes are not closely coupled.
To get a measure of the degree of correlation due to the BFS we correlate peak soft X-ray fluxes with peak proton fluxes under the assumption that the soft X-ray emission from thermal flare plasma is independent of the nonthermal proton acceleration process. Only Svestka (1970)20 appears to have suggested a rationale for a soft X-ray correlation with proton fluxes. He argued that all particle acceleration takes place during the impulsive phase, with the energetic particles drawn from those of the thermal plasma. Thus, the energetic electron and proton production should be proportional to the soft X-ray emission from the thermal plasma. Iagneti loops (Woort -t al, l9d -). On the contrary, Lin and Hudson (i,7('c maintain that the tiermal plasmna is the energy sink rather thain the particle SO-IJ'C.
of the energetic electrons of the impulsive phase, but ])atlowe (1t75) 2 found that e nergy sources other than energetic eltectrons were neLded. In any case, the peak soft X-ray emission is not simply proportional to the energy content or number of electrons in the thermal plasmna, but rather dependent on the emission measure distributio:-, dn eV,/dP, where n e is the electron .Iensity, V, the volume, and T, the temperature that obtains for a particular time in a given flare (Moore et al. In addition, for 16 of the 18 events a --0. 9 h, a period short compared to the typical 3-5 h interval from proton event onset to maximum. Since, at the time of the peak, the proton flux is due mostly, if not entirely, to the diffusive wake accumulated from the entire Gaussian coherent pulse, and the pulse width is small compared to the time for the flux to reach maximum, the peak flux should be For each proton event the times of microwave and metric bursts and Ha flares were compared with the proton event onsets to determine the proton flare association. Only those proton events for which a well-associated disk flare could be found were used in the study. The Ha flare sizes and longitudes and associated proton and microwave data are listed in Table 1 .
The Proton Data
For each selected event the peak flux of the prompt component was first cor- 
For each event log
In is plotted as a function of A, the angular distahce from W500. The lekst-squares best fit is Ip -exp (-1. 604 60), where a@ is in radians. more sensitive, the GSFC detectors have also saturated during several events used in this study (McGuire, 198029 ). This will most likely result in an under-estimate of the flux for the largest events, but we have included these events in the study in order to get the largest possible dynamic range of proton event fluxes. Nine of the events of Table I have 1 MeV-1 and are therefore probably saturated to some degree. In those parts of this study involving proton spectra, the spectra of the large events were obtained from the hourly averages of the 15-96 MeV proton channels of the JHU/APL Charged Particle Measurements Experiments (CPME) on the IMPs 7 and 8 (Space Development Department, 1977 32). For those events the CPME values of IV were slightly lower or comparable to those obtained from the GSFC experiment data.
Space Development Department (1977) Instrumentation developed by the Johns
Hopkins University Applied Physics Laboratory for non-APL spacecraft, SDO-4 100, The Johns Hopkins University. Laurel, Maryland. 
The Microwave Events
Microwave data for each proton-associated flare of Table 1 were taken from Solar Geophysical Data (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) . 28 The shape of the microwave spectrum near the burst maximum was obtained by plotting peak fluxes of all reported frequencies in the range -100 to 35000 MHz. In cases of substantial disagreement of peak fluxes among several observatories with comparable frequencies the stations of Sagamore Hill, Manila, and Athens were given preference in deciding the shape of the spectrum, the peak frequency, wp, and peak flux densities, F In the cases of several reported bursts in the same event, the largest burst was used. The spread in peak times for the different frequencies used, At, was less than 9 min for all events except number 20, for which it was 28 min. Two events, numbers 41 and 42, were associated with no reported radio bursts. The average At for the remaining 47 events was 3. 16 min. Part of the dispersion in the peak times may be due to genuine differences in those times among different frequencies, but it is clear that timing errors at different observatories are also a major factor in the resulting magnitude of At. The resulting composite spectra may therefore be considered a reasonable representation of the instantaneous peak spectrum. The spectral category (Castelli and Guidice, 1976 33) of G (flux density decreasing with increasing frequency), C (single spectral maximum in the centimeter range), U* (Castelli U-burst), U (U burst, but less than 1000 s. f. u. at the centimeter peak), Flat or Unclassified, is listed in Table 1 along with the peak frequency and flux density for each event. Examples of a U* and a C event are shown in Figure 2 . In cases with the microwave spectrum increasing at the highest observed frequency, w is indicated as a lower limit in Table 1 . Assuming the peak to be about half an P octave above wp, w 3 was then taken as -/2 wp.
The three parameters of Fp, the peak flux density; Fdt, the time-integrated flux density; and Tm, the effective duration time defined by 1Fdt/Fp, have been obtained for each event, where possible, for f a 1415, 2695, 8800, and 15400 MHz. 
RESULTS

Peak Proton Fluxes
The correlation coefficients for the microwave parameters with the 20-40 and 40-80 MeV longitude-corrected peak proton fluxes are shown in Table 2 . The number of 15400 MHz events is lower than those at other frequencies due primarily to the more limited observations at that frequency. Because the durations and average flux densities are not given for some events, the number of events in the peak fluxdensity category is more than that for the time- 
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Peak Proton Spectra
We have also tested the proton energy spectral prediction criteria of Bakshi and Barron (1979) 16 
15, 16 12, 14
and Barron and by Akin'yan et al. This is also the case if one excludes C bursts from the sample. Our examination of the data relevant to a connection between the spectral slopes of the microwave events and the spectra of the associated proton events yields no evidence for such a connection.
:3.3 Peak Microwave Spectra
A case in which we do find a positive correlation (r = 0. 58) is that of F versus
5 p
LO shown in Figure 6 . The best-fit slope to the data is Fpp 1., in reasonable p2 36 pp agreement with the F -w found by Furst (1971) for more than 1000 bursts.
p
The same qualitative result that high peak frequencies are associated with larger peak fluxes was also derived for -1800 C-type bursts by Guidice and Castelli (1975) . The substantially higher correlations found for the high-frequency timeintegrated flux densities appear consistent with the proposition that the energetic electrons responsible for the microwave bursts are produced along with the energetic protons observed later in space. Uncertainties in the estimates of the time-integrated microwave flux densities of up to a factor of 2 and variations among events in the electron and proton energy spectra, the average ambient magnetic fields containing the electrons, and coronal and interplanetary proton propagation conditions, as well as possible flare misidentification, might well act to prevent the correlation coefficients from exceeding 0. 7. On the other hand, the results may well be due solely to the BFS, so that, as discussed in the Introduction,
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.4f additional evidence is required to confirm a close relationship between electron and proton acceleration. Our examination of the correlations between -e and w3 or W3/'2 claimed by Akintyan et al (1978a) 12 and Bakshi and Barron (1979), respec tively, yielded negative results. Because of the good correlation between timeintegrated flux densities at high frequencies and peak proton fluxes, we also looked for a possible correlation between the ratio of the time-integrated flux densities at 8800 and 15400 MHz and the peak proton spectra, but the correlation was again essentially random (r = -0. 07). The relationship between peak microwave flux density, Fp, and frequency of the peak flux density. up. for proton flares, shown in Figure 6 , is comparable to the results found for all microwave bursts and suggests nothing different about microwave bursts in proton flares. It also suggests a BFS explanation for Croomr's (197 1a) 6 conclusion that burst spectra of prca.on flares have peak frequencies significantly higher than nonproton flare bursts, since,' the proton flares tend to be the largest flares. To summarize, the high-frequency integrated flux densities are the only parameters we have found which may exceeu the BFS-induced correlations and suggest a physical coupling between the proton and electron acceleration processes. However, with a lack of any independent correlations, particularly those involving the proton spectra, the reality of the proposition that the protons and electrons are accelerated together is moot.
The modest correlation found for peak microwave flux densities has some interesting implications for earlier claims about the nature of proton acceleration.
Hudson ( emissions from those flares a poor basis for estimating flare "importance" (Webb et al, 1980 42 ). Thus, although proton flares may differ fundamentally from nonproton flares, the distinction may well not be obvious in the microwave range.
The good correlation between peak hard (E > 20 keV) X-ray and microwave flux densities (Kane, 1974 43) , together with the lack of a significant correlation between peak microwave fluxes and peak proton fluxes, suggest a poor correlation between peak hard X-ray fluxes and peak proton fluxes. An early study (Arnoldy et al, 1968 44) using OGO I and III data suggested such a conclusion based on a number of proton events with no accompanying detectible hard X-ray events. The event of 4 October 1965, in particular, had a large peak proton flux and no detected X-ray 24 event. However, Lin and Hudson (1976) analyzed the OGO I and III data differently and concluded that all western hemisphere flares with a peak hard X-ray flux > 5 X 10 -5 erg cm "2 s -1 gave rise to large proton events. They did not correlate the peak fluxes of the 10 hard X-ray events meeting that criterion with the associated peak proton fluxes, nor did they extend these results to proton events with fluxes smaller than 10 cm "2 s " 1 at E > 10 MeV. There is therefore no evidence to indicate that peak hard X-ray fluxes correlate with peak proton fluxes any better than might be expected from the BFS. As in the case of peak microwave flux den- give any evidence of a correlation based on such an acceleration process. The microwave burst peak spectra showed a diversity of spectral shapes, as reported earlier (Castelli and Tarnstrom, 1978 46) , no correlation with associated proton spectra, and no evidence of any special importance in the proton acceleration process. The present study was based on these reported peak flux densities and estimated durations of the bursts. Future studies considering significant microwave bursts with no associated proton events, an examination of the detailed time histories of the microwave bursts, and the role of metric type II bursts may help to elucidate the properties of the proton acceleration process. 
